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APPLICATION OF STATISTICAL fECM!Q(iES TO WOE1 SEWSITIVITY TESTIS 

1. - Facts. - An iwproved nethod of performing sensi t l v i  ty analy- 
scs on large scale cunputer models was sought by the US Arnly 
Concepts Analysis Agency (CAA) , 8120 UoWmnt Avenue, Bethesda, 
HD 20014. The lWrodology and Resources Directorate, CAA, in i  t f  - 
ated the task i n  FY 74, of developing, i l lus t ra t ing a d  document- 
ing the needed imptoued method on a time available basis. The 
completion date o f  the task was September 1974. 

2. Pur se. - The purpose of the task #as to provide a compre- P-- hens ve method of performing sensitivity analyses on large scale 
computer models. A method having greater efficiency than existing 
sradels was destred. 

3. Ob ective. - A llleans of obtaining nore information about har + changes n nput variables affect output variables i n  a large scale 
computer model was a prime objective. Hinisl izat i~n of the number 
of computer runs without loss of essential i n fomat f~n  was inherent 
i n  the task. 

8 .  Olscussion. - Fbre and better infonaation can be obtained 
by using fac to r ia l  design of  experiments, a statistical technique. 
A factorial design i s  a plan i n  which each factor under study i s  
tested wi th  each of the other factors a t  each level o f  interest. 
ThSs method allows Infomation to be obtained on the interactSon 
effect of the factors under s t d y .  The fnteraction infomtion 1s 
faportant because valid inferences canaot be made about any factor, 
~ n d e p d e n t l y  of other factors if interaction exists. That Is, 
each factor effect I s  d m e c r t  upon the level of the other facDw(s). 
Frequently, because of the large nul3ber o f  factors and levels, a 
f u l l  (all  factor level uwnbGnatiosrs) factorial design exceeds the 
nullber of canputer runs avajlable. The technique -tad i n  th is  
paper, for appl ication of fractional factorial designs, Wuces the 
rmhr of computer runs mqulred without sacrlficimq interactfon 
Inforrartton. The use and appl $catlam of fractional factorla? de- 
signs are discussed. An addl tiolwl technique whereby tine and 
effort in  preptration of the inputs for the c o w ~ u t e r  runs can be 
saved by choosing the run order i s  also disc~ssed, While a1 1 tech- 
niques dtscussed above are widely used by statioticlsns and we11 
daunented in  the stat ist ical  Ilterature, the use of Ulege tech- 
niques i n  model semsltivfty test ing i s  not  wickly used. 
of  output analyses and presentation of  the results fm a factortal 
designed experiment are presented to demonstrate haw the method 
works . 



5- - lba applicatton of fractlarral factcwtal de- 
sf needed t8chnique for redcrcttan o f  -r runs 
uithout sacdffcing madel i n e t t o n  tldbrrrmarr. mloynant of 
un additional technique saves t h e  and e f f W  in  pmparatforr of 
tapas for cr-nu+ar rum. Thts latter tecMque, dnldats the 
factor level dronC)sr On p e r P ' a g  r f-al &sf* 
m-t* 



APPiICATIOW OF SfATISTICAt. TECHNIQUES TO WIDEL SENSITIVITY fESTIWG 

CHAPTER I 
I NTRODUcTf a( 

ack round. - The use of large scale collputer models for 
gut ' *  d 4 - -  ance n ma1 world decisions fs  nar camonplace i n  the D e p a m t  
of kferse, other govermwrnt agencies, ad ptt  vate fadus try. These 
mdels were dewbped fwn observattons, data and theories to p*rbict 
outcms or results for conditions or sftuations that cannot be 
observed or i n  cases d a m  costs of ubervatlon aro excessfw. 
These models can be b d l y  categorized as stodrastic o t  demmrl* 
Istic. Studrastfc or probabllstlc goQls a t m t  to capture the 
chance e l w n t  associated w i t h  the processes being -led, by 
using p-bili distributfons for maqy of  the input variables. 
Randun saqales are then dram fraa the df stributioms rmJ umipu la td  
to p r o d m  -1 msul t s .  In  detenalnistfc models, the neat# or 
expwted values of the variables are irput as use-fined 
constants. W e  input variables am then teed i n  a sequene of 
malytdcal equations or expnssiom to pmduce mdel rrsults. Ilr 
both stochastic and detenninistlc A#iels, the question arises as to 
hm smsitlve the output factors am Q changes In  the input factan. 
Slnar Wese mxkls are amprised of umqy factom w i t h  raw In@* 
actions, I t  i s  wry difficult, if not frpo~sible, ta aralytically 
detera-lna what effect a ctranqe In  an Input factor will  have orr m 
outpart factor. Therefore, the mkl is exlercised wf lh  various 
dmgs to the  input facton. This ~ r ~ c e s s  3s generally n!fbrrOd to 
as serrrftivlty analysis. 

2. Plsrpqse- - Design of experiment techniques )rave been widely 
usad'fn Wte statistical canmniQ and I s  well &mmn'W 3tr the 
If terntare. Harcver, the use of these Eedrniquer fw laode1 s-1- 
t i v l w  testing has not been crm#n, A description of kar sore ahd 
better infomatfan can be obtained fra semitivity arulysf s by 
using factorial &sign o f  experinants i s  glwn i n  this paper. 

Ibn explanation i s  given of kar ti= and effort can be sawed in  
plceplrfw inputs by ckoosinq the proper w+uence in  wbr4ch to ma&@ 
the nodel runs. Sfme uays i n  J l f  ck the m l  t s  can be analyzed 
and v t e d  are also glverr. 



1 .  - 'Tht old t rad9 t i4~1  rrethod of ding 
a s bCeen to set all the v&uble Q? facborr 
e x w t  me at SUE rroslQna1 \slue and *a wsy ora fktw. A mlw 
hi-r or gmaw than Ue d m 1  wale 1s ilput k are Chrtor 
and the mkl i s  emcuted to delamdne the effect an the mtput 
Mable(s). 7 h  a value la#r tlw the naalnal ~ l u s  i s  irput 
f ~ ' h m f d C t W a n d t k e e ? f ~ m ~ .  SaacHm-dfmt 
drsngcs %re inad@ to  the inprt varluble end ottnr ti- anly 
values, e nlgh value and r la value, will be IlrPd, fmquantty, 
mamy dlflkmt varfrbles will be tested, are at r tfm, tlnb 
~ 5 t h  the renainim Wab')es held flmd at  a aaatrlt d m ?  value. 
FigraQ 11-1 Illstrobes a he -F~rd t -1C-T Ins  ~ r t r H b ,  1-t, 

Factor 8 

FIGURE I I - 1 , OM-Factodtd-T4ne 

wherr? four leuels (values) of  fxtw A are tesW at only sne -1 
(mlwc) of  factor 0, Hf le this he-Factor-At-A-Tfne method 
&de same infannation an har tho outnut varOe5 for a in  
the  factor or variable, the infomtlon i s  of a limited 
mkae. First o f  al l ,  all of  the infanmation . & t a Q d  for factor 
A i s  for only m e  lewl OF factor B.  InfmmtCm abut  the 12 
vacant oells i s  not obtaimed. Thus, knmrlebge of Iwr factor A 
vwld have affected the output f f  factor 8 warld have bmn a t  s w  
other level i s  not detemmd. Secardly, using tAe *F-- 
A-Tiwe mthod, fnfmiatian amcernim t te  effect of tke infemctlm 
of factor A wtth factor 0 i s  not a s d i n a b l e ,  lllren there 4s an 
tnteraction effect bebeem two f a m  the mitame 1s dgndadent 



vporr Mich lml each of the factorr I s  set, I-em,  one f '  
behues differently uder cfSffemmt lemls of tlre other -. 
In FIi)rsc 11-2, for -1s. wRen factor B is set at the la 1-1, 
the variable decrrwaes JldW fiCtOT A fs dhqpd fhq f(le l a  
Iewl to the hl# level. tkmmr. nhm facts B Is set et tba lrl* 
'1-1, the output variable i- dm84 factor A i s  T- fir+ im 1-1 m tlre Mgr lewrl. (TIM! Itms i m  Fi- I1 rrrs e d ~  
tor amacting rssoEiaW ma%.) Thus, factor A iutsmclb rl# 
act@? I. 

- 
. Low High 

Factor A 

Thts interaction infornatjon i s  f~portant r i m  it tells tba -1 
user Wt mithe+ factor A nw factor 8 can be -d in Imla- 
tfon de fo the fact that tha wactian of the autmt vartblb 4s 
-t qm uhich level each of  these factors US set. 
fiw, It 4s Qairable 60 - 1 ~  a  leth hod whjch H t s  t)# 

of at hast the two-factor fRtemctiors. 

a. The p w y e d  mthod i s  to use ~llnciples of - r i m 1  
-im JlPch rl ar each w&rble (factor) m<ler s W  to be eamlned 
vttlr & of  the other vMables a t  d leuel of i n m t ,  fn 
mmtal &dm, t h i s  IS mfrrrrred to as r f a c t d r l  ~ O ~ C I Q I .  C# 
aa i'llustmt$n exanple, camttb three f-, A, 8 ,  rd E. at tm 
1-1s em&, a lar 'level (I) oarQ a high l e d  [H) (k F f m  11-3). 
TWS m l e  U H W ~ ~ ~ U ~ S  23 ~.E~oc~.I m - t . 1  &I*. 



-- - 

+t - Lou Level fl - High Level 
3 

FIGURE 11-3, A 2 Factorial  Exwrirrnrtal Dtsign 

A l l  factors, other than A, 8, and f ,  are held et a constant m a 1 ~ 1  
value. The A, 8, and C htgh/low values are chosen such that most 
of the values (90 or 95 percent) anticipated for that factor w i l t  
be bekeerr these high/?ou values. By clroosing hlgNlow values near 
the extrams of the value qwctwr, the pmbabllity of obtafri 
gmd crticute of the tmnd i n  the effects will be increrscd. ;(Z a 
t M  hfgh/ton values c h n  are too close to each otbel', the p r d ~ -  
bf li ly of  obtaf nIng false trends or "noise" i s  incmased. 

3 
b. k r t  'aspad' the 2 factorial design i m t o  a 33 factorla1 

design a d  call fhs third jewel the rwrrinal tenel. This actton w i l l  
Cllustra where the traditfonal method l l l ~ s  -Id f f  t in with thase 
af the 8 f a t w i a l  dcrfgn (See Fiwre 11-41. TLL c p t a t h n  mrtr 
fndicrte the entries a l c h  bolmg to the traditiml fnm 
this it can be seen )#r the traditimal method nrrrr am al l  
clustered about the center of the &sign. llbe mns required for 
aaoh m t b d ,  in additian to t h ~  base case, are listad in figuve 
11-5 far ease of coqarisorr. Note th facbrir l  arcthod requi~ler 
tam lloro ~ l n s  t4an the traditional loothod. h t  ubserwe the artput 
erffeets that a n  be assessed far each of the rae+ckoQ (See FOlgrm 
I )  Here I t  can be sam that for two adlitiorurl MS, usfng the 
firtahrl ~PW, irrfmratton i s  obtained on tk output effect of 
t)P JIB, AC, 8C. and ABC fWmctiars fr additia, to the -in factnrs 
(A, 8, and C). In additiorr to k ing  able to usws the Inter~tlw 
e t s  using the factoFta1 .eW, nanr infomitian i s  obta4nd 



am am frcfiort a t  tbe polats of rPst interart. €xmpSet 
futm A for -sure of Eff'ectl-s (WE) hr emti 
(W F m  11-7). 



Rr6U% 11-5, -3-m RLB L i s t f q  for 1-tm1 llrfhod 
ad F u t d r t  bW 
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F I W f  11-7. Evalwtion Pbints for Traditional and Factwlal 19tJwMh 

The rwdscs i n  pamthssls sre the n e t  of values used te estir#W 
mcA potnt. For tAo trudl tlonrt mtAod, the results Croa on1 obe 
nn at  t t ~  IOU valm (m) ml me M at tln high value (IIII ! am 
u s d  for rssccruerrt. fgr W factorial RW, the srrm of Qou 
v a l e s  I s  usd to assess th QIPtPct effect a* the la urlm (Urn 
U, W l  u d  W). For t)ts Llgh valm, the s ~ + a g e  of U, HOL, #W 

, W Wi, 4s rcsed far a~=-t. ~ U G *  it a be tlrat fb 
Hrc rr n~eb data I s  a$d foP the estlamtioll OQ tim m1ws at Iha 
u w  (tha hlgWlm val-) In the PillrctOrtrI re- as I n  Um 
tmdltlml r t b d .  dillfe poi- are also used i a  a6Hllitl(1~ 
the b 4 ~ 1 a w  ralws fw QQ$lim 0 md C. In ddltlor, to amm &la 
brim rral I n  tba esthPCOas af tha hfgWlaw values, tk t m o n  
Mbts cm bcestimtCd lWtbeUB, #: md8C tntemd-. tt#olrgb 
use of tim tbclartrl m W a  
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CHAPTER 111 
F R I I C T I W  FACMRUL DESl6MS 

1. Discussion. - As the nutbet of factors to be considered In r 
factorfa1 experinmt increuses, the number of factor lewl d i m -  
tlons increases my rapidly. For e u g l e ,  when them arc fpe 
factors a t  two levels each, the nuber of cabinatfont are 2 = 32 
coguter nnts for cme rep1 tcatlorr. Recently, far A tactical. 
Logistical, and A i r  Simulation (AlLaS) coaputer wr&l (a theater- 
level ground cadhat s lu lat ln) .  i t  q s  desired to inwestlgate 10 
factors, W c h  wid Luva w i r e d  2" = 1024 -tar ruclr for 
one replication. f t  I s  obvious that it would not be acomaicat ly 
or t i v i s e  feasible to make 1024 c q u t e r  runr for r sensitivity 
expcrimnt. A me-r! that i s  feasible i; to use a design callad 
fractional replicatfm or fractimal factorial, Mhea only a frat- 
tfon of r full WSgn I s  run, the design I s  refcrnd to st  a fee- 
tiwl factorial design. 'Irha a m n t  o f  fractiaaatlq that i s  pcerrc 
fo- depds  on the auPber o f  factors under investlgotfon, tha 
Nl)j# of levels of Caterest, tha order of the i a t e r ~ ~ t l o n s  of 
interest arrd the total nrnber of  cmuuter n n s  that f t  i s  fasibla 
to perfom. For this papar, consfder 1y two levels, ir lar level 
ui a Ufi lm~. -refwe, only 112gn(p = I ,  2, 3.. . . I  fractl.lrl 
rapticater, 1 -e., 1/2, 1/4 or 1/8. ctc.. o f  the full design. are 
eqlW. 

a. For the All& w s t  t i v i  ty experimemt, in drf ch them mm 
10 input factors of intemst, i t  was deternined that less than IS0 
M could bC udc. AfW rac mearchland sMy. I t  u s  fouad 
Ubat a 118 fractional mpticate of the 2 prcwiaent umld blta 
128 rums and would provide the necessary inforration am tlm 10 
mafn effects and the 45 tm-factxw interaction rsff-. lly rat- 
a fractional factaria1 design, 718 of  Lhe nrrs (896) wro e'ltrrf- 
natsd 

b. For anofher thaater-lewl c d m t  s i ~ l a t i t m  -1, the 
ConmpDual Oerign for the Amy in  the FIeld EvaluatOan @We1 (a), 
amflabla tire a d  ranoy limited - w,dw of runs 16. Tbm 
wwo flw pllmry fa of interest. A full factartat design r rrolrld have mqulred 32 nns. Ww@ use of a 112 fractional 
replicate, the n&er of runs uas mduced to 16 a d  it urs stfl'l 

t" sible to estimate tbe 5 rain effects and the 10 tubfactar 
~ k M C t i a n s  effects. 



- t i s  enphasimcd that mly r particular 1#2 of 4 tpb MS I the 2 b s i ~  er r particular 118 of the lu t m  tlu 
2 Qtignw(;ll gfw thedes9dmrrits.  T)wmpernrrs an, 
dshrnQRed cAaorfmg the defining amtmsts sud, that nont of 
the factors of i-t am obn-rith each other. Rare 
r)thn~s .re*lmi 9 ezperilltlt him b s .  rg . .  c m v d .  

m~ M-. - i s  aIro a ~ ~ u t f a m  r -4 4' gubttsm 4y tbe Ilrtdorwl stmutau of S 
dmigrs hr factom at  &o levels, 



APPLICATIOW QF STATISTICAL TEC9HIWES TO eeDML SE6I'TIV;TV TESTIS 

CHAPTER I V  
NIWIIUZIWG QtrWGES TO FACTOR W E L S  

1. General Discussion 

a. In designing a field aperimst or a labotaQry errpertmnt, 
randaization of the order of experinsentation i s  of uQast irpo- 
owing to the fact that certain vartables carnot be oankalld, 
bndoaOZatfOn O f  the Order of  expetirrwrtatfan will tend ta avmage 
out the effect o f  the urre~~atml Idle variables and elininate aqy 
bias in  the estiwthn of the effects of intelPst. In 
nod6ls. MnQRlzatian of the order of nw i s  not amssavy s i m e  
the s m e  an=r will be dbtained regardless of onkw (ssrraing the 
same randarr. nuarber seed i s  used). Since J t  i s  not mmscay to 
ramhim the oder  In  JlW CQaPUXRr NM am nude, I t  1s adwn- 
kgeous to minimize the nuther of factor 1-1 changes d also tn 
minllaizr: the rider of changes to a f tor levels that d m  amst 
difficulttochange. Ut's l m k a t a  F factorialcksignwiththe 
runs a- 4n comentional Y a m  order (See f i g m  IV-1).  In 
mn N one, YB see that all  f'wr factcws are at the low 1-1. 
thsn in  narmdwrtm, frcarA tras bem changed to tk high level, 
urd t)le other three factors -In unchanged. In rur nraber three, 
factor A has &m dunged back to the law level and fcctoF 8 has 
been diangsd to tha high 1-1. Carnting dmm each alum the 
nrdoor. of draager f.on b (L) to High (H) or vice vem, it can be 
seen: that 15 factbr 1-1 chmyes occur in factor A, w i t h  7, 3 and 
1 ctum far factors 8, C and 0, respectively, for a -1 uf 26 
factor level "S" . The expected &r of factor 1-1 dwrges 
for a 2k factcrir deslgn i n  a q l e t e l y  nndonizd odn is (k) kl- 
~orrZCdes ign, theexpectedvumts!rof~  i s e q ~ l t o 3 2 .  lb 
mlnflaa mmbw o f  fac r level c 7 t J u i t t i s n s u i d * r a l  
fa-a1 drslgn i s  Zff- 1 .  For r fa-ial design, thc nlntnr  
n.tuw of chqes required 4s 15. T)us, tJem is quite s diffemxa 
*n tk expected n d w  of changes and t)re mimi tam mnber of dmg&h 
There are over 200 dl 4-t M o m k ~  tfut rrqulr~ mly 15 factor 
J e w e l  dranges for a zf . Let 's look a t  ar of these (Se F i w  IW). 
IIEcIce f)Yt for any tm consecutive nm there i s  mly a SUE factm 
1-1 dhange. For emmple, factur A i s  c)lenged frOlll law 1-1 
in  rum mm&er me to the high level i n  n m  nurlber tr, wjth t)re 

facum rewining a t  the lar level. In nn IU&W m, 
f i c m  D 4% dungod and the other *nee f a c w  rewrin at the 
level as in mtbr tm. )loving Qwr eadh of ~JR? dm, 
that six, two, four and thrPe changer am m u i d  for fGCa;alrJ A, 8, 
C d 0, w t i v e l y .  If #ne factor repujr~s rrap ti- or efQort 
t a c i v n ~ e t k p a - f r a ~ l l m t b h i g h ~ t h e o t ; 2 l e r . b ~ t o n ,  



the a l l  can be betd or interdunpad vPthbut aff&2g5q tb 
tb fg i l  or the total IWW o f  dmges- For exmple, ass- f* A 
i s  the .wt difficult to dunge fnn la to hi#- bmmt1 , f t  I s  
scheduled l;or the .wt dmg?s. Horener, bgl inbedmqhg 'b, 
a l l  urder A d 8. fe A lrat mly Dro ebngcr. This 
f s c l n t g u e c r r b e u e y ~ t w k n ~ f ~ u R d e r s ~ 9 s m c r r ~ r ,  

of kd+rr tiwit i s  being dlsnged by a m i r  m, 







APOLICATlOll OF STATISTICAL TEatlYIQES TO HODEL S E 6 I T I V I T T  'IEStfff 

CHAPfEI v 
AtlALYSES OF OUTPUT OATA 

1. @n?rU. - If the adel of Interest I s  a p rd~ab l fs t i c  -1 
ad the msmmes, such as t i r  and-, perrit, tl# 
CM be m t e d  to p r f m  an malysls of vartamt (MQWI) m 
= The ~ ~ l s  of no change l r r  output values * 1- 
level of a factor l s  changed to the high 1-1 of th factor m 

statistically tested at  a stated leuel of cmfWme. i h m w ,  
for 8 detanrlnlsttc -1, tdmre repeating thc ~ o ~ p b r l - t  dl1  
lue UM u multr, a within mdel varlrtlm Qlo mt exist. L m  QOlk, #Q acterr uwmt be statlsMully testad. lM %It- 

1m &scribe sr r of f1yd tha mu'ltc - r 
bterrialstlc -1. Pmbablfsttc mhl m u  "B .to an rlsa be 
aulysd I n  thls ,, In addltlon to th ar fn plrc, of 
t l w A l Q l A f f t h e q l e r t m t c r r r r o t b e ~ .  

'1F - (UL + u + UIL + M ) / 4  
L 
= (lo + 10 + 15 + S)/4 = I0 



F I a  V-2.6nphiul I l l lrntmtla  of A, 8 rnrd C E f f e c t s  





T ceatl i n  factor C when factor A Os at tin! ler kral  is, & - f i  = (12.5 - 1.1) = 5.0. .J the change In  f&tm C 
L L  L H  

faao? A TS rt tLe hSgk level i s .  (XT - ) = (t2.5 - 17.5) a 5.0. 
Y L  H H  

lba BC intdrrctton tgrrr man i s  calculated as Qsllrrs: 

in f-r C f ~ t o r .  B 8 %  at  t¶e Iru 1-1 is.  

1 1  L H  
factor 0 i s  at the hf* level i s  (m - ierC ) ;. (LO - 19) = 10. 

H t  i 4H  
Tha &me inbemctirn tern effects can be w&*r~sl  ry i l ratrated 
a~ I n  Fiqun V-3. (IM limes fn Figure V-3 em -1-; frir ammet- 
ing asraefs0Qd po~nts.) S i m  t)k. lilles a r ~  mrkllet, i t  csn t~ 
a thdt i s  abs~iutely rr, I r i U  ~ 3 c t i a i  tc=?eb. ftt t *rS A arb 
B a r  fafire A & C .  Hen fwmB is  dt ut. irlw I c e l ,  them i s  
rm c h m g ~  i n  dre tQasum of Effectitlpress v a l e  as factar C 4s 
dmgeU frW the tar level to the hiqh 1-1. HGlrrrrr, bdm 
factor B i s  at the hi* level, tht?rc i s  a &cease in t h e  Hesum 
of E f h x i v e m i s  value as factor C i s  chayd QCrn tlre lar leuel 

'Ihrrr, one f- (factor C) &hams differsatlg 
mt dS hx! mt le-l- levlels 0f other f d ~ w  (fdc- 8) .  them 
is m inWaction effact bebreen factors 6 end C, further wt- 
iy involving ei- factor 8 or fact~r  C wi19 @UP to incluQ the 
other factor since factors B m d  C m e  mt to fea~hothar .  
I t  tkuld be noted ?hat the res~lts are seldan, if ever, clew 
art s the &mmstrcattorr m l e .  he 14- in ml& exact1 T parollel as ras Bamstrated. hwwr, the OC m - r a  1dim 
csn be naQed end & gderPd in thcrSQ cdse~ that -* mt C J Q ~  m. 

c. bitrlt. - Fmn the zrrarple q r m ,  it ~a lw cm~luded a a t  
the M - U i o ~  Effectiwmss valw it mst -miti - ta fe A, 
~ 4 t h  factor C M n g  the nert n ~ t  sea~itiwe. and tar'tw 8 b l ~  
frprrtrnt the to the fact tl#t it  interacts ma* fffstm i 





1. AdwAt4esof . - I t  is hapd that the . .  
&uxmn~t%Bn -1, m l y  dha desiqn of 
amda~nts, can 6e aed Oo abtain nore a d  better infbmtlon PCIor . 
a sem~ttivily nolysls of' a lOda1 thsn Ut old t rwi t i~~~al  
Faaw-At+tia appmach. In my mml1 -1s 4 t cm be 
as- that all the fk lxws  am iWqmdent and that Cntm~~tPorrs 
wlll not w, ~wtapAt+Tiae s m s i t i v i ~ r  fi%tim varld ba 
imaeptablcr, Mmever, i n  the large -1s &4ch \ere built bo 
mpmsemt oag'ler prwslds  i m d l v i m  maqy intemldted prrts a. 
-6 rhfeh hue! an fnfsractlng effect amm outbPn WabW. 
+F&ctar-ht-&Th a#l)sCs is  mt the pmpr -1. I t  4s b e l i d  
that tw of tk tkstmfl of exp~ffmmts teChl?iqw I&. ta a better 
amdam-eg at -1 sensit iv i ty  tn rgecifte factws and - 1 ~ -  
tioar of fiictam. 





5, D)ctttmm, A. u.. F'ta i r l ~ s m m b R r C o f  
k t a v  me1 "r *the #1 lLlnEHktO1lgern 
T W m *  Yam l 6 m  -1, W74a  m 3 l q e  




